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For clinical use crystalline strophanthin is comroonly dissolved in 
normal salt solution or water and marketed in glass ampules.  Ster- 
ilization is accomplished by autoclaving after the ampules have been 
filled and sealed.  In malting biologic assays of several lots of a com- 
mercial preparation of ouabain (g-strophanthin) by the cat method of 
Hatcher  and  Brodf  wide  variations  in potency were  found.  On 
adding a drop of indicator, phenol red, to the contents of the ampules 
showing low potency, it was observed that they were decidedly alka- 
line in reaction, whereas freshly prepared,  aqueous solutions of the 
drug were neutral or slightly acid.  Experiments were undertaken to 
ascertain  the  cause  of  the  deterioration in  relation  to  the  altered 
hydrogen ion concentration and to devise a  method for preparing a 
stable solution for therapeutic purposes. 
The Drug. 
Great  variability  in  commercial preparations  of  crystalline  stro- 
phanthin has been noted by Rowe,  ~  who tested a number of lots bought 
on the open market by the "1 hour" frog method.  The least active 
sample was 67 per cent as  active as the standard (u. s. P.), whereas 
the most active was 240 per cent of the same standard, or about 3.5 
I Hatcher, R. A., and Brody, J. G., The biological standardization of drugs, 
Am. J. Pl~m., 1910, l~i~ 360.  The cat unit represents the mln~mum  lethal 
dose per kilo  of cat, expressed  in milllgramg, 
s Rowe, L. W., The variability of strophanthin, with particular reference to 
ouabain, f. Am. Pkarm. Assn., 1916, v, 1183. 
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times  as  potent.  As  indicated  by  Rowe,  such  variability  in  the 
crystalline product  can,  in  large part, be attributed to the difficulty 
of  obtaining  unmixed  seed  of a  desired  variety, for there  are more 
than  twenty species of Strophanlhus  seed on  the market  and a given 
lot almost invariably contains specimens of several varieties.  Further, 
different samples of the crystalline product contain variable amounts 
of water of crystallization; this, too, makes for differences in biologic 
activity expressed in terms of dry weight. 
The drug employed in the present observations, as well as in a series 
of clinical studies  to be reported later, was  isolated from seeds pur- 
chased  as  Strophanthus  hispidus,  but  apparently actually Strophan- 
thus  gratus.  The procedure of isolation  followed was  based  on  the 
methods of Heffter and Sachs, and Thorns.  8 
The ground seeds  were  freed from fat with  petroleum ether and  the  dried 
residue was  extracted with cold 70 per cent alcohol.  The extract was concen- 
trated to a  thick mass in ~a~uo, taken up in hot water, treated  with hot basic 
lead acetate until no further precipitate formed, and filtered.  The excess of lead 
was  precipitated from the filtrate by means of a  little ammonium sulfate and 
filtered off.  The filtrate was saturated with ammonium sulfate, which  precipi- 
tated a mixture of the amorphous and the crystalline strophanthin (ouabain), the 
last portions of the latter separating in crystalline form.  The predpitate  was 
dissolved  in warm water, filtered,  and the filtrate chilled and seeded with a few 
strophanthin crystals.  After being allowed to stand in the ice box, the crystalline 
strophanthin was filtered off and recrystallized from water. 
The  crystals  so  obtained  consisted  of transparent, glistening  platelets, con- 
taining 8.5 molecules of water of crystallization.  The color reactions corresponded 
to those found by Arnaud and by Thorns. ~ 
Physical constants:--Anhydrous substance:  [a]~ =  -  30.2  ° 
Calculated for C30H4sOl~: C, 60.17~ H, 7.75 
Found: C, 60.05; H, 7.81 
Melting point (uncorrected) :  Softens: above 185°C; 
melts to paste:  187-188°C.;  evolves gas:  195-197°C. 
s For the isolation and identification of the drug we are indebted to Dr. W. A. 
Jacobs and Dr. M. Heidelberger,  of The Rockefeller Institute.  They have also 
kindly furnished us with notes of the methods employed by them in these pro- 
cedures.  See also Heffter, A., and Sachs, F., Vergleichende Untersuchungen tiber 
Strophanthus-Glucoside, B~ch~m. Z., 1912, xl,  83;  Thorns,  H., Die Strophan- 
thus-Frage vom chemischen  Standpunkt, B~r. pha~m. Ge~., 1904, xiv, I04. 
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Biologic standardizations of this crystalline strophanthin were car- 
ried out on thirty-one cats, and in twenty-six of the animals electro- 
cardiograms were made at frequent intervals during the course of the 
experiments in order to determine the physiological effects of the glu- 
coside upon the cat's heart.  The average cat unit was found to be 
0.104  rag. per kilo, a figure in accord with the standard of 0.10 nag. 
per kilo established by Hatcher and Brody.  The electrocardiographic 
findings  confirmed in  their  essentials  the  observations  of  Levine.  6 
Chemically, biologically, and physiologically, therefore, the strophan- 
thin at our disposal possessed those properties ascribed to the crystal- 
line product obtained from Strophanthus gratus and usually marketed 
under the name "ouabain." 
Experiments wltk Glassware. 
Doubly distilled water, pH 6.0, was autoclaved for 20 minutes at 
15 pounds pressure in various types of glass bottles and flasks, chosen 
at  random  from  the  laboratory  supply.  Immediately after  auto' 
claving, the reaction of the water in the cheaper and softer varieties 
of container had become distinctly more alkaline, the pH ranging from 
6.3 to 9.0 + .6  In the hard glass flasks (Pyrex) no significant alteration 
in reaction (less  than 0.1)  occurred.  A  standard 0.02  ~  phosphate 
mixture, pH 7.0, 7 autoclaved in the bottles giving off the maximum 
amount of alkali in the process of sterilization, showed no alteration 
in hydrogen ion concentration, the buffer action being adequate to 
compensate for the dissolved alkali. 
A s{m{lar experiment was done with sixteen types of glass ampules 
obtained from a number of pharmaceutical firms and used by them 
in marketing their products.  The ampules were filled with distilled 
water, sealed, and autoclaved.  In every instance the water in the 
5 Levine, S. A., The action of strophanthin  on the living cat's heart, J. Exp. 
Meal., 1919, xxix, 48,5. 
6 Determinations  of hydrogen  ion  concentration  were  done  colorimetrically. 
In the more ~|k,I~ne solutions  the results obtained by the colorimetric method 
were checked by the use of the hydrogen eIectrode. 
7 The  standard  phosphate  mixtures  used  were  prepared  according  to  the 
directions of SSreusen  (S~reusen,  S. P. L., Biochem. Z.,  1909,  xxi, 201; Ergebn. 
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ampules showed a change in pH, which now ranged from 6.2 to 9.0+. 
In order to titrate back to neutrality (pH 7.0) the most alkaline solu- 
tion in the series, with phenol red as indicator, 2.6 cc. of 0.02 N hydro- 
chloric acid per 100 cc. were required (Table I). 
TABLE  I. 
Hydrogen Ion Concentration of Distilled Water after Autoda~ing in Various Types 
of Glass Ampules.  Init~ pH--6.0. 
Ampule No.  pH of contained water after  Amount of 0.02 ~ HCI required to 
autoclaving  20 rain.  titrate 100 cc. of water to pH 7.0.* 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
6.7 
6,2 
7.0 
7.0 
7.0 
7.0 
7.0 
9.0+ 
7.0 
7.2 
7.0 
9.0+ 
7.0 
9.0+ 
9.0+ 
9.0+ 
1.10 
2.17 
1.35 
2.10 
2.60 
* Phenol red was used as indicator. 
Effect of Changes in Hydrogen Ion Concentration on Aqueous Solutions 
of Crystalline Strophanthin. 
A  2 per cent solution of strophanthin  was made in standard 0.05 M 
phosphate  mixtures  with  pH  5.0,  7.0,  and  8.6.  Biologically  tested, 
the  cat unit  of these  solutions  was found  to  be 0.107  rag.  per  kilo, s 
their optical rotation  -  0.97 °.  After  autoclaving  for  20  minutes  at 
s In  making  determinations  of  cat  unit  values  at  least  three  animals  were 
employed to calculate the biologic activity.  Each figure given, therefore, repre- 
sents the average of three or more cat experiments.  Where it is stated that no 
alteration in activity was noted, it is meant that less than a 10 per cent variation 
occurred, this variation representing changes in the third decimal place only. ROBERT  L. LEVY  AND  GLENN  E.  CULLEN  271 
15 pounds pressure in Pyrex flasks, no alteration in optical activity 
and no significant change in potency were observed in the acid or neu- 
tral solutions.  The alkaline mixture, however, now had an optical 
rotation  of  -  0.93 ° and a  cat unit value of 0.152.  In  short,  when 
strophanthln was autoclaved in alkaline solution (pH 8..6), the mole- 
cule was partially decomposed, with resultant alteration in its abilitY 
to rotate polarized light and significant reduction in biologic activity 
(Table II). 
The degree of alkzlinity attained by aqueous solutions autoclaved 
in soft glass ampules is, therefore, more than ample to cause chemical 
changes in their contents. 
TABLE  IL 
E.ffe~t an Biologic Activity and Optical Rotation  of Autacla~g  Crystall~e  Stro- 
pkantkin in g Per Cent Aqueous Solution  at Different Hydrogen Ion 
Concentrations. 
pH ~  0.05 ~  Cat unit value per kilo.  Optical rotation. 
phosphate solu~on.  Befo~ sutoclaving.  After autoc~ving.  Before autoclaving. [  Afar autoclaving. 
I 
m&.  ml. 
5.0  0.107  0.104  -0, 970  I  -0'97° 
7.0  0.107  0.105  -0.97  °  [  -0.97* 
8.6  0.107  0.152  -0.97 °  [  -0.93* 
For clinical use it is convenient to employ crystalline strophanthin 
in dilute concentration, usually 0.01  per  cent.  Such solutions auto- 
claved in soft glass  ampules, which gave off  enough  alkali  to  alter 
the reaction of the contents from pH 6.0 to pH 9.0,  became at  once 
biologically inert,  more  than  four times  the calculated lethal  dose 
having no appreciable effect on the cat's heart.  The contents of hard 
glass ampules, with no significant alteration in pH after sterilization 
(0.1  or less), retained full potency.  In hard glass (Pyrex) such auto- 
daved  solutions  have  been  kept  without  deterioration  for  over  5 
months. 
Holste 9 noted an alkaline reaction in  solutions of Boehrlnger's amorphous 
k-strophanthin which had deteriorated, and suggested that alkali given off from 
the glass containers might have induced hydrolytic cleavage of the  glucoside. 
9 Holste, A,, Zur Strophanthinfrage, Z. exp. Path. u. Therap., 1918, xix, 153. 272  CRYSTALLINE  STROPHANTHIN 
Like Thorns,  ~° who observed marked reduction in  toxicity for mice of sterile 
aqueous solutions of amorphous k-strophanthin,  he  found  crystalline  g-stro- 
phanthin  to be more stable.  Holste's  observations, however, were carried no 
further, and no method for preventing deterioration was offered. 
We have had made for our use tablets of g-strophanthin, 0.5 rag., 
triturated with  sugar of milk.  The  amount of drug contained is so 
small and the percentage error in measuring out the powder for the 
individual tablet is,  therefore, relatively so large,  that  this form of 
preparation was discarded as unsatisfactory. 
A  Method for Preparlng Crystalline  Strophantkin in Solution for 
Clinical Use. 
It is clear that  stability of reaction is essential if the potency of 
strophanthin  in  solution  is  to  be  preserved.  The  glass  commonly 
used in  the manufacture of ampules for commercial purposes is,  in 
large part, of the soft variety, yielding considerable amounts of alkali 
to  solutions  contained in  it.  It  is  advisable,  therefore, to  put  up 
solutions of crystalline strophanthin in hard glass containers.  Am- 
pules  of  Pyrex glass  have proved  satisfactory.  In  order  to  avoid 
even slight changes toward the alkaline side,  the drug may best be 
prepared in 0.02  ~  standard  phosphate solution  at pH  7.0. n  This 
concentration of phosphate is harmless when injected intravenously 
in small amounts  (5  to  10  cc.)  into patients  and does not interfere 
with either the chemical or physiological properties of the glucoside. 
Crystalline strophanthin in such a  solution, in 0.01  per cent concen- 
tration (5 cc. contain 0.5 rag.), sealed in ampules, and autoclaved, has 
been preserved without evidence of reduction in biologic activity for 
more than 5 months. 
X°Thoms, H.,  ARe und neue Aufgaben der pharmazeutischen Chemie und 
insbesondere fiber die biologische Prfifung der Arzneimittel, Bet. pharm. Ges., 
1913, xxiii, 452. 
n A  0.02  ~  phosphate solution  at pH 7.0  contains  1.03  gin. of  KHtPO4 
and 1.76 gin. of Na2HPO4 (anhydrous) per liter. ROBERT  L. LEVY AND  GLENN  E. CULLEN  273 
SUMMARY. 
1. Many of the glass containers commonly used in the laboratory, 
and most of the glass ampules employed in marketing sterile solutions 
for hypodermic or intravenous medication, yield sufficient alkali on 
autoclaving,  to  change  the  reaction of distilled water from pH 6.0 
to pH 9.0. 
2.  This increase in alkalinity is sufficient to render biologically inert 
and partially to decompose aqueous solutions of crystalline strophan- 
thlr~ in the concentration ordinarily employed in the clinic. 
3. It  is  suggested  that  for  clinical  use  crystalline  strophanthin 
be dissolved in 0.02 ~  standard phosphate solution at pH  7.0,  and 
marketed in  hard  glass  ampules, thereby insuring  stability  of re- 
action with preservation of biologic activity. 
4.  It should be borne in mind, both by laboratory worker and phar- 
macist, that the alkali yielded, on heating, by soft glass containers 
may be responsible for a  considerable alteration in the hydrogen ion 
concentration of their contents. 